Prolonged sitting is an activity that is frequently reported to aggravate PFP; therefore, pain with sitting is often used as one of the inclusion criteria in studies of PFP. 3, 18 Despite this, the majority of research in this area has focused primarily on the mechanisms of pain during dynamic tasks. Currently, little is known about sitting pain in persons with PFP and particular patient characteristics that may be associated with sitting pain. Furthermore, the mechanisms by which sitting pain occurs in this population are unknown. Because interventions for PFP typically address the mechanics of weight-bearing activities, knowledge of the mechanisms of sitting pain T T STUDY DESIGN: Retrospective cohort.
T T BACKGROUND:
Although persons with patellofemoral pain (PFP) often report pain with prolonged sitting, little is known about the prevalence and characteristics of sitting pain.
T T OBJECTIVES:
To describe the proportion of persons with PFP who experience problems with prolonged sitting and to determine patient characteristics associated with sitting pain.
T T METHODS:
Four hundred fifty-eight participants with a diagnosis of PFP from 4 separate studies were included. Item 8 of the Anterior Knee Pain Scale was used to define the presence of problems with prolonged sitting with knee flexion, based on 3 categories: (1) "no difficulty," (2) "pain after exercise," or (3) "problems with prolonged sitting." Differences in demographic and clinical variables between categories were evaluated using KruskalWallis tests (P<.05).
T T RESULTS:
Two hundred forty-nine (54.4% of the study sample) participants reported problems with prolonged sitting, and 121 (26.4%) reported sitting pain after exercise. Compared to those with no difficulty sitting (n = 88), participants classified as having problems with prolonged sitting were significantly younger (P = .038), more likely to be female (P = .033), had a lower body mass index (P = .027), reported higher pain severity (P<.001) and lower Anterior Knee Pain Scale scores (P<.001), and more frequently reported problems with squatting (P<.001).
T T CONCLUSION:
Problems with prolonged sitting are evident in more than half of persons with PFP. Findings highlight the need to identify and adequately manage PFP associated with prolonged sitting. Further research should explore mechanisms of sitting pain and evaluate targeted interventions to reduce PFP with prolonged sitting. is important. Given the limited work in this area, the aim of this study was to (1) describe the proportion of patients with PFP who experience pain associated with prolonged sitting and (2) determine differences in patient demographics and PFP characteristics between those who experience pain with sitting and those who do not.
T T LEVEL OF EVIDENCE:

METHODS
Study Design
T his cross-sectional analysis included the baseline data from 4 separate studies (TABLE 1) : van Linschoten et al 18 (n = 131), van der Heijden et al 17 (n = 64, longitudinal cohort), Collins et al 3 (n = 179), and unpublished data from a longitudinal cohort (n = 84) (TABLE 1). All participants for whom baseline data were available were included in the current study. Institutional ethics approval was obtained for each study, and all participants provided written informed consent prior to enrollment. 
Participants
Outcome Measures
Demographic data were collected, including age, sex, height, and weight. Body mass index (BMI) was calculated (kg/m 2 ). Pain characteristics included the duration of PFP and bilaterality. Participants recorded their knee pain severity (usual/resting or worst/during activity) over the previous week using a 100-mm VAS or an 11-point numeric rating scale (NRS). 5 Pain scores rated on an NRS were rescaled to a 0-to-100 VAS to facilitate data pooling.
The Anterior Knee Pain Scale (AKPS) is a patient-reported outcome measure of knee-specific disability that consists of 13 items assessing the symptoms and aggravating activities associated with PFP (eg, stairs, squatting, running, jumping, prolonged sitting with flexed knees, pain, thigh muscle atrophy). 11 Each item is scored on a weighted basis, with scores on all items summed for a total score out of 100, ranging from 0 (maximal disability) to 100 (no disability).
Data Management and Statistical Analysis
Item 8 of the AKPS was used to define the presence of problems with prolonged sitting with the knees flexed. Three categories were formed from 5 possible responses: (1) "no difficulty," (2) "pain after exercise," or (3) "problems with prolonged sitting" ("constant pain," "pain forces to extend the knees temporarily," or "unable"). Pain after exercise represented a separate category, as the wording indicates that exercise, as distinct from sitting, influenced the pain. The presence of problems with other functional activities also was described. Squatting (item 5) was categorized as (1) "no difficulty" or (2) "problems with squatting" ("repeated squatting painful," "painful each time," "possible with partial weight bearing," or "unable"). Running (item 6) was categorized as (1) "no difficulty" or (2) "problems with running" ("pain after more than 2 km," "slight pain from start," "severe pain," or "unable"). Stairs (item 4) was categorized as (1) "no difficulty" or (2) "problems with stairs" ("slight pain when descending," "pain both when descending and ascending," or "unable").
The proportion of participants assigned to each category, for each activity, was described in percentages. Differences in demographic and PFP variables, as well as AKPS classification for squatting, running, and stair ambulation, between participants in each of the 3 sitting categories were evaluated using 1-way analysis of variance for continuous variables and KruskalWallis tests with post hoc Bonferroni tests for categorical variables. All analyses were performed using SPSS Version 21.0 (IBM Corporation, Armonk, NY), and the significance level was set at .05.
RESULTS
O
f the 458 study participants with PFP, 249 (54.4%) reported problems with prolonged sitting, 121 (26.4%) reported pain with sitting after exercise, and 88 (19.2%) reported no difficulty with sitting. Overall significant differences between the 3 patient groups were found for age, sex, BMI, usual and worst pain, and AKPS score (TABLE 2). Post hoc analyses revealed that participants who reported problems with prolonged sitting were significantly younger (P = .038), more likely to be female (P = .033), had a lower BMI (P = .027), and reported higher pain severity (VAS) (P<.001) and lower AKPS score (P<.001) compared to those who had no difficulty with sitting. Similarly, study participants who had pain with sitting after exercise also had significantly higher worst/activity pain scores (VAS) (P<.001) and lower AKPS scores (P = .001) compared to those who had no difficulty with prolonged sitting. Study participants with problems with prolonged sitting had significantly higher usual/resting pain severity (VAS) (P = .01) and lower AKPS scores (P<.01) than those who experienced pain with sitting after exercise (TABLE 2).  TABLE 3 presents the proportion of study participants who had problems
with stairs, squatting, and running, stratified by sitting classification. An overall significant difference between the 3 groups for reported problems while squatting was found (P<.01). Post hoc analyses revealed that participants classified as having problems with prolonged sitting more frequently reported problems while squatting (97.6%) compared to those with no difficulty sitting (84.1%, P<.001). In addition, participants who had pain with prolonged sitting after exercise more frequently reported problems with squatting (92.6%) compared to those who had no difficulty with sitting (84.1%, P = .035).
DISCUSSION
T he majority of study participants with PFP reported some difficulty with prolonged sitting, and more than half reported problems with prolonged sitting (ie, "constant pain," "pain forces to extend the knees tem- porarily," or "unable"). A quarter of the sample reported experiencing pain with prolonged sitting after exercise. Those affected tended to be younger and female and to have a lower BMI, worse knee pain severity, and worse function. These individuals also more frequently reported problems with squatting, but not with running or stair ambulation. This is the first study to report the prevalence of pain with prolonged sitting in a large cohort of patients with PFP. Our findings are consistent with 2 previous studies. One study reported the severity of knee pain after 20 minutes of prolonged sitting in 28 people with chronic PFP compared to 14 healthy control participants. 8 While no change in knee pain was observed in the control group, the PFP group reported an increase in knee pain after sitting. In the other study, Brushøj et al 2 evaluated PFP severity in 30 military recruits with a short history of PFP. Although higher-level functional activities (eg, squatting, stairs, running) were associated with higher pain severity scores, the median score for 20 minutes of sitting with knees bent was 25 out of 100 (VAS). The data from Brushøj et al 2 suggest that in patients with acute and more chronic PFP, prolonged sitting generally results in pain of clinically meaningful magnitude. Taken together, data from the current study and previous investigations highlight the need to consider strategies to manage sitting pain when treating persons with PFP.
There are a number of potential mechanisms by which prolonged sitting with the knee in sustained flexion may induce PFP. One proposed mechanism is increased patellar intraosseous pressure. Ho et al 10 reported that after 1 hour of sitting, recreational runners with PFP had significantly higher patellar water content than those without pain, which was proposed to increase intraosseous pressure. This is supported by an earlier study that reported higher patellar intraosseous pressure during sustained knee flexion compared to extension, as well as significantly greater patellar intraosseous pressure in sustained knee flexion in people with PFP compared to pain-free individuals. 9 An increase in intraosseous pressure is proposed to stimulate mechanical nociceptors in the subchondral bone, which conceivably contribute to nociception and PFP. 9, 10 Another potential mechanism is local tissue ischemia during sitting. Näslund et al 14 found that pulsatile blood flow in the patella was decreased in patients with PFP when seated with 90° of knee flexion, indicating that vascular problems may be involved in the pathogenesis of PFP. Considering the high number of study participants experiencing problems with prolonged sitting, further studies evaluating possible mechanisms are warranted.
Interestingly, participants who reported problems with sitting were also likely to report problems with squatting, but not with running or stair ambulation. Sitting and squatting are bilateral activities that typically involve high degrees of knee and hip flexion that may be sustained for prolonged periods when compared to running and stair ambulation. These physical postures could engender more cumulative compression loading at the patellofemoral joint as a means of increasing intraosseous pressure and contributing to pain. In contrast, the tasks of stair ambulation and running involve more transient, repetitive patellofemoral joint loading at lower degrees of knee flexion. 6, 7 Patellofemoral pain also may be expressed differently in the unilateral tasks of stair ambulation and running, conceivably manifesting through frontal and transverse plane mechanics. 13 Considering the high number of sitting-based occupations and recreational activities, our data suggest that physical therapists and other health practitioners should consider pain with sitting as part of the evaluation and management of people presenting with PFP. Explicit questioning and probing of sitting-related symptoms could be used to inform treatment. Along with increasing patient awareness of pain during prolonged sitting, this may include advice to avoid maintaining large degrees of knee flexion if possible, or integrating regular knee movement into prolonged sitting periods (eg, standing, walking around, or moving the knee repetitively into flexion/extension). Our data support the need for research on the potential mechanisms of sitting pain to facilitate development of effective, targeted interventions.
The consensus statement from the 3rd International Patellofemoral Pain Research Retreat emphasized the need to identify different subgroups of people with PFP. 19 Our data revealed that persons with PFP who experienced pain during prolonged sitting were younger, more likely to be female, and had a lower BMI compared to persons who did not experience sitting problems. This finding may indicate a distinct subgroup of people with PFP who have problems with sitting and provides clinicians with guidance as to patient characteristics that may indicate the need to explore sitting pain during evaluation and management. Due to limited availability of other consistent data across our cohorts, we were unable to further explore potential clinical signs and mechanisms in terms of strength, pain sensitization, and patellar alignment.
It is also important to consider that sitting or sustained knee flexion postures were among 1 of 8 physical postures used in selecting participants in most studies from which our data were sourced (see TABLE 1 ). We were unable to determine the proportion of participants included in the source studies on the basis of sitting or sustained knee-flexed postures. As such, our results may overestimate the prevalence of sitting pain, but not the relationships with other activities and patient characteristics. Nevertheless, this study represents the largest PFP cohort to date with consistent outcome measures, and provides important preliminary data highlighting the need for targeted research to improve understanding of this common problem.
CONCLUSION P
roblems with prolonged sitting are evident in more than half of persons with PFP, while another 25% experience pain with prolonged sitting after exercise. Sitting problems tend to affect younger females with a lower BMI, worse knee pain severity, and worse function. Those affected are more likely to report problems with squatting, but not with stair ambulation or running. Findings from this study highlight the need to identify and adequately manage sitting pain in persons with PFP. Further research is warranted to explore mechanisms of sitting pain, identify subgroups of persons with PFP more likely to experience pain with sitting, and evaluate targeted interventions to reduce PFP with prolonged sitting. T
KEY POINTS FINDINGS:
Pain with prolonged sitting is reported in more than half of persons with PFP. Persons who report problems with prolonged sitting tend to be younger, female, have a lower BMI, have worse symptoms and function, and also report problems with squatting. IMPLICATIONS: Musculoskeletal and sports physical therapists should question patients with PFP about pain with prolonged sitting, and incorporate strategies to minimize pain into multimodal treatment programs. CAUTION: The retrospective nature of the study design means that additional factors may contribute to the subgroup of those with PFP who report problems with sitting. 
